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(54) Motor-driven resistance spot welding machine 



(57) A motor-driven resistance spot wekang 
machine (1) includes: a drive rod (3) having an elec- 
trode tip (6) on an end thereof and making a linear 
motion; a linear guide (8) for guidkig the flnear motion of 
the drive rod, the fin ear guide including a bearing; and a 
reduction gear being supported by a gun arm (2) or a 
gun bracket (5). The machine also linearly drives the 
drive rod in an electrode force direction (Z) by transmit- 
ting an output torque of an electric motor to the reduc- 
tion gear (10). In the machine, a rear portion of the drive 
rod (3) is connected to a swing lever (15) through a link 
(16), the swing lever being secured either to an output 
shaft (14) of the reduction gear (10) or to a mail body of 
the reduction gear, whereby an arcuate motion is trans- 
mitted to the swing lever by an output of the electric 
motor, and is then converted into a linear motion of the 
drive rod by the ink to thereby drive the drive rod so as 
to apply electrode force. As a result of this construction, 
the reduction gear is sealed, so that the reduction gear 
is free from welcSng splashes. Such problems as the 
large moment of inertia (GD 2 ) and the restricted strokes 
of the ball-bearing leadscrew and the nut can be over- 
coma Further, gun parts are grouped by function. That 
is, the functions are unitized into a drive unit for generat- 
ing electrode force, and a waking unit including the 
electrode tips (4,6), the gun arm (2). the welding trans- 
former fT), and the like, so that parts are unitized into 
common parts so as to be standardized. Further, a new 
bracket (5) which can be used irrespective of the pos- 



ture of the gun attached to the robot can be realized. 
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Description 

BAQKQRQUND QF THE INVENTION 

The invention relates to resistance spot welding s 
machines- More particularly, the invention is olrected to 
a motor-driven resistance spot welding machine includ- 
ing a robot welcfng gun. 

A conventional motor-driven C-type spot welding 
gun for a robot is designed as follows. An electrode w 
fcxce applying mechanism in which a bal-bearing lead- 
screw Is set into a nut that is interlocked with the output 
shaft of an electric motor through transmission means, 
is secured to one end of a C-type gun arm, and a pair of 
electrode portions confronting each other are disposed is 
on an end of the bal-bearing leadscrew and the other 
end of the gun arm. respectively. By causing the electric 
motor to rotate the nut, the ball-bearing leadscrew is 
driven 1 hearty to thereby apply electrode force (see Jap- 
anese Utility Model Publication No. Hei. 7-31899). 20 

Further, the foDowrig electrode force applying 
methods have heretofore been proposed to drive a con- 
ventional C-type motor-driven resistance spot welding 
gun. One method of apptyfog electrode force Involves 
the steps of: causing a pinion rotated by an electric 25 
motor to mesh with a rack having an electrode portion 
disposed thereon; and causing the electric motor to 
rotate the pinion with the rack held in a bearing fixed at 
the side of a gun arm, so that the rack makes a linear 
motion. Another method involves the step of causing a oo 
shaft brought into slidable contact with a cam driven by 
an electric motor to move linearly, so that an electrode 
portion disposed on an end of the shaft is driven to 
apply electrode force (see Japanese Patent Unexam- 
ined Publication No. Hei. 7-1 24753). ss 

However, the following problems have heretofore 
been addressed in these conventional arts- 
First the former apparatus employing a bal-bear- 
ing leadscrew and a nut has suffered from the following 
problems. 40 

(1) The rotating section is susceptible to wear due 
to entrance of welding splashes (tiny iron particles). 
When the tiny particles scattering at the time of 
welding enter into the ball-bearing leadscrew, these 4S 
tiny iron particles circulate deep into the leadscrew 
together with the bads, which in turn causes a fatal 
damage such as galling. Therefore, adequate pre- 
venting measures against entrance of the tiny iron 
particles must be taken. However, it Is practically so 
impos sib le to perfectly prevent the entrance of the 
tiny iron particles for a long term. 

(2) The electrode reciprocates between an open 
position and a pressing position to a workpiece at 
each welding. That is, the electrode repeats the ss 
cyde of stop and movement At each cycle of stop 
and movement, a motor must be rotated at from 0 
rpm to 1000 - 3000 rpm within a period as short as 



0.05 to 0.1 sec. That is, the rotation of the motor 
must be speeded up in a short time. However, in 
order to meet this requirement the capacity of the 
motor must be increased since the moment of iner- 
tia (GD 2 ) of the ball-bearing leadscrew and the nut 
are larger by one order of digit than that of the 
reduction gear of the invention. 

(3) Further, grease is splashed due to high-speed 
rotation of the ball-bearing leadscrew, which in turn 
makes it practically difficult to maintain sufficient 
lubrication continuously. Therefore, it is also difficult 
to allow the bal-bearing leadscrew to complete a 
design life thereof. 

(4) The length of the gun main body is increased in 
association with the distance of the ball-bearing 
leadscrew moved, which in turn causes the gun- 
main body to Interfere with the robot wrist, fo order 
to avoid the interference, the surface of the robot 
onto which the gun bracket is mounted must be 
extended backward. The possibility of downsizing is 
dsadvantageousfy restricted. 

(5) The length of a bal-bearing leadscrew must be 
changed so as to correspond to the specified maxi- 
mum stroke of guns. In addition, the ball-bearing 
leadscrews, being special precision parts, are not 
suitable for mass production, so that the cost and 
appointed date of delivery of the leadscrews impair 
the productivity of welding guns. 

The latter apparatus employing a rack and a pinion 
has suffered from the following problems. 

(1) Wekfing splashes tend to deposit on the 
stepped portions of teeth. When welding splashes 
enter into the meshed portion between the rack and 
the pinion, excessive load is applied to the toothed 
surfaces, which results in a fatal damage to the 
apparatus. 

(2) It is difficult to take effective wekfing splash pre- 
venting measures for overcoming the aforemen- 
tioned problem. Since the teeth of the rack project 
out by a distance exceeding a stroke in each of both 
sides from the axial center of the pinion, a cover 
must be put over the entire part of the rack and the 
pinion. As a result, the gun becomes large in struc- 
ture as a whole In addition, even If a dust seal or a 
metal scraper is employed as a splash preventing 
measure, such measure is technically difficult for 
the teeth of the rack which are of stepped shape. 

(3) To prevent the teeth of the rack and pinion from 
wearing quickly, grease must be continuously sup- 
plied to the tooth surfaces. The teeth of the rack 
move a distance exceeding a stroke in each of both 
sides from the shaft center of the pinion. It is difficult 
to design and fabricate a cover that can close the 
rack perfectly wtwe allowing the rack to breathe 
inside the cover with the rack moving to and fro. 

(4) The rack needs a guide mechanism so that the 
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center of the electrode portion attached Id the end 
of the rack is not displaced. The structure of such 
guide mechanism becomes complicated H the rack 
has a rectangular cross section, and a separate 
guide rod must be provided if the rack has a round 
cross section. Therefore, considerations must be 
given to avokfng interference between the guide 
mechanism and the workplace. 
(5) It is a fatal restriction that the maxvnum open 
stroke is only about several millimeters in a mecha- 
nism involving a cam and a shaft A rnaximum open 
stroke of ten-odd centimeters is generally required 
for a spot welding gun. Therefore, such mechanism 
is not appicaUe to the spot wekfog gun. 

As described above, both the rack and pinion 
mechanism and the conventional cam and shaft mech- 
anism are not suitable as pressing mechanism of the 
welding gun. 

Generally speaking, conv e n ti onal welding guns of 
this type require a dedicated gun bracket that allows a 
gun to be mounted on a robot mm Therefore, a newty 
designed gun according to customer's specification, 
requires a large number of engineering and manufactur- 
ing hours, and suffers from the problem of Difficulty in 
unitized standard parts for each function. As a result 
there has been a fact that the same part can not be 
used for welcfing guns because of sight difference in the 
specification though the functions of the welding guns 
are quite identical to each other. 

SUMMARY OF THE INVENTION 

The invention has been made to overcome the 
aforementioned problems. Specific technical means to 
overcome the problems are as follows. 

A first aspect of the invention is characterized by 
providing the fcOowkig technical means. A gun arm hav- 
ing one of electrode tips is supported by a gun bracket; 
a drive rod for driving the other electrode tip corre- 
sponding to the one electrode tip is guided and sup- 
ported by a Inear guide that is supported by the gun 
bracket or the gun arm; a mechanism for linearly driving 
the drive rod includes an electric motor for generating 
the torque for electrode force necessary for waking 
between the electrode tips, a reduction gear for trans- 
mitting the motor torque to the electrode op of the drive 
rod as electrode force, and an swing member being 
supported by an output shaft of the reduction gear and 
being coupled to the drive rod. In addition, the drive 
mechanism is releasatoly mounted on the gun bracket 
so as to be concentric with the center of the output shaft 
of the reduction gear, so that the drive mechanism sub- 
stantially constitutes a standardized drive unit. 

Aocoromg to the first aspect of the invention, the 
welding gun can be mounted on a robot arm by arbitrar- 
ily changing the gun bracket mounting posture to a robot 
arm m the range of 360° so as to be concentric with the 



reduction gear output shaft center X independently of 
the gun mounting angles. Further, functions are 
grouped into units. That is, the functions are unitized 
into the electrode force applying drive unit and the 

5 welding unit not only including the gun ami with the 
electrode tip, but also including the welding current con- 
ducting portion such as the welding transformer and the 
secondary conductors, so that parts are unitized into 
common parts so as to allow each common pan: to func- 

10 Hon independently. As a result gun brackets can be 
standardized, each of which has heretofore required a 
large number of engfoeering and manufacturing hours 
according to customer's specification but also suffered 
from the problem of difficulty in unitized standard parts 

is for each function. Hence, not only a common drive unit 
can be used, but also a common gun bracket can be 
used irrespective of the welding gun mounting posture 
to a robot arm, which in turn provides a great advantage 
in terms of productivity, parts replacement mairtte- 

20 nance, and economy. 

According to a second aspect of the invention, a 
motor-driven resistance spot welding machine charac- 
terized in that: an app a rat u s includes: a drive rod having 
one of electrode tips on an end thereof and making a Hn- 

25 ear motion; a bearing for fnearty guiding the drive rod; 
and a reduction gear being supported by a gun arm or a 
gun bracket and further, the apparatus linearly drives 
the drive rod in an electrode force direction by transmit- 
ting the output torque of an electric motor to the reduc- 

so tfon gear. In the above apparatus, a rear portion of the 
drive rod is connected to a swing lever through a link, 
the swing lever being secured either to an output shaft 
of the reduction gear or to a main body of the reduction 
gear, whereby an arcuate motion is transmitted to the 

as swing lever by an output of the electric motor, and is 
then converted into a linear motion of the drive rod by 
the link mechanism to thereby drive the drive rod so as 
to apply electrode force. 

According to the second aspect of the invention, the 

40 reduction gear is closed, so that the reduction gear is 
free from welding splashes. By using a conventionally 
known reduction gear for transmitting a rotational output 
of an electric motor as an electrode force transmitting 
means tor a C-type spot welding gun, the shortcomings 

45 associated with the ball-bearing leadscrew and the nut 
that have been used in a conventional motor-driven spot 
welding gun can be overcome. That is, the shortcoming 
that the bail-bearing leadscrew and the nut are suscep- 
tible to welding splashes can be overcome by the use of 

so the reduction gear. In addition, the shortcoming that a 
ball-bearing leadscrew whose length corresponds to a 
gun stroke must be prepared for each gun having differ- 
ent stroke according to customers requirement and the 
other shortcoming that the ball-bearing leadscrew and 

55 the nut have a large moment of inertia (GD 2 ) are also 
overcome by the use of the reduction gear. 

Further, while applying the merits of the reduction 
gear that has been already used as a drive means of a 
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motor-driven X-type spot welding gin (the merits being 
welcSng splash resistance, smal GD 2 , nonrestricton of 
swing angles which means nonraslrtction of opening 
amount of arms of an X-type gun, etc.) to a motor-driven 
C-type spot welding gun, the problems arisen from the 
ball-bearing leadscrew, and from the rack and the pinion 
can be overcome by means of an epoch-making elec- 
trode force appfyrig mechanism thai employs such 
mechanisms as the reduction gear, the swing lever, the 
link, and the linear guide. As a result, durabiity and pro- 
ductivity of C-type welding guns can be improved very 
much. 

Further, according to third and fourth aspects of the 
invention, a combination of angular bearings couples 
the link, the swing lever and the drive rod with a pre- 
load. Therefore, the coupled portion can serve also as a 
guide mechanism which prevents the drive rod to rotate 
and keeps alignment of electrode tips, which in turn dis- 
penses with a separately arranged guide means 
required in the conventional examples. Hence, the 
structure can be sinplrfied. 

According to a fifth aspect of the invention , in a 
motor-driven spot welding gun for robot for instance, a 
wekfng transformer supported by the gun bracket is 
arranged in such a manner that a centerfine Q along the 
length of the wekfng transformer crosses substantially 
at right angles (90°) to an anal centerfine Z of the drive 
rod. As a result of this construction, the welding gun can 
be arranged compactly, which in turn allows a toad 
appfied to the wrist of a robot arm to be reduced- 
Further, according to a sixth aspect of the invention, 
the rear portion of the drive rod is connected to second- 
ary terminals of the welding transformer through flexible 
copper plates (flexible shunt). As a result of this con- 
struction, second terminate and cooling pipings for the 
wekfng transformer can be located at the rear side of 
the wekfng gun, which in turn the area around the elec- 
trode tips can provide enough room for workplace and 
workpiece fixing tods. Hence, the possibility of second- 
ary terminals and cooling pipings interfering with a 
workpiece or workpiece fixing took can be reduced. 

A seventh aspect of the invention is characterized 
as providing the Mowing technical means. An appara- 
tus includes: a drive rod having one of electrode tjps on 
an end thereof and making a linear motion; a bearing for 
linearly guiding the drive rod; and a reduction gear 
being supported by a gun bracket or a gun arm having 
the other electrode tip corresponding to the one elec- 
trode tip. Further, the apparatus linearly drives the drive 
rod in an electrode force direction by transmitting the 
output torque of an electric motor to the reduction gear 
lor electrode force. In the above apparatus, cam follow- 
ers are arranged on a rear portion of the drive rod; a 
swing lever is secured either to an output shaft of the 
reduction gear or to a main body of the reduction gear; 
and the cam followers of the drive rod are set into a cam 
groove formed in the swing lever, whereby the drive rod 
is coupled to the swing lever, and an arcuate motion is 



thus transmitted to the swing lever by an output of the 
electric motor, and is converted into a linear motion of 
the drive rod by the rnove ment of the cam followers 
within an elongated hole allowable range of the cam 

5 groove, to thereby drive the oYive rod so as to apply the 
electrode force. 

According to the seventh aspect of the invention, by 
using a conve nti onally known reduction gear for trans- 
mitting a rotational output of an electric motor as an 

io electrode force applying means for a C-type spot weld- 
ing gun, the shortcornirtgs associated with the ball-bear- 
ing leadscrew and the nut that have been used in a 
converttiona) motor-driven spot wekfng gun can be 
overcome That is, the shortcoming that the ball-bearing 

is leadscrew and the nut are susceptible to welding 
splashes can be overcome by the use of the reduction 
gear, to addition, the shortcoming that a ball-beartog 
leadscrew whose length corresponds to a gun stroke 
must be prepared for each gun having different stroke 

20 according to customer's requirement, and the other 
shortcoming that the ball-bearing leadscrew and the nut 
have a larg a m ome n t of inertia (GD 2 ) are atso overcome 
by the use of the reduction gear. 

Further, while applying the merits of the reduction 

25 gear that has been already used as a drive means of a 
motor-driven X-type spot welding gun (the merits being 
welding splash resistance, small GD 2 , nonresU'i dion of 
swing angles which means nonrestriction of opening 
amount of arms of an X-type gun, etc) to a motor-driven 

30 C-type spot welding gun, the problems arisen from the 
ball-bearing leadscrew can be overcome by means of 
an epoch-making electrode force applying mechanism 
that employs such mechanisms as the reduction gear, 
the swing lever, the cam mechanism, and the linear 

ss guide. As a result, durability and productivity of C-type 
welding guns can be improved very much. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 is a front view of the entire part of a gun. 
which is a first embodiment in which an apparatus of the 
invention is appfied to a C-type spot wekfng gun. 
Fig. 2 is a view taken along line A-A of Fig. 1 . 
Fig. 3 is a front view of the entire part of a gun, 
45 which is a second embodiment in which an apparatus of 
the invention is appfied to a C-type spot welding gun. 
Fig. 4 is a view taken along line E-E of Fig. 3. 
Fig. 5 is a front view of the entire part of a gun. 
which is a third embodiment in which an apparatus of 
so the invention is applied to a C-type spot welding gun. 
Fig. 6 is a view taken along line E-E of Fig. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

ss A first embodiment of the invention wil now be 
described with reference to the drawings. 

Rg. 1 is a diagram out! ring the entire part of a gun, 
which Mustrates the concept of a C-type motor-driven 
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spot welding gin for embodying a method of the inven- 
tion. Fig. 2 is a view taken along line A-A_ 

Reference numeral 1 in Rg. 1 denotes the entire 
part of a spot welding gun; 2, a (Hype gun arm, which 
is insulated from a gun bracket 5 while interposing an 5 
insulating material therebetween and which is secured 
to the gun bracket 5 with a strong force through a plural- 
ity of bolts B1 inserted into a plurality of bolt holes 
formed in the crcumference of the gun bracket 5 at a 
predetermined interval. An electrode tip 4, which is one 
of a pair of electrode tips, is attached to an end of the 
gun arm 2. Reference numeral 3 denotes a drive rod. 
The other electrode tip 6 confronting the electrode tip 4 
Is attached to an end of the drive rod through bote B4 
together with a point holder 7. Reference numeral 8 
denotes a linear guide unit The guide unit guides the 
drive rod by allowing the drive rod to be inserted there- 
into. Generally, a bearing 8 is used as the guide unit 
This bearing 8 is supported on a support arm 9 that is 
firmly secured to the gun arm 2 or the gun bracket 5 by 
a plurality of bolts B5 through an insulating member. 

By selecting a bearing thai incorporates a ball-cir- 
culating Inear motion bearing therein and by putting 
covers C such as metal scrapers or dust seals to be 
attached to both sides of the bearing, the linear guide 
unit 8 can prevent entrance of welding splashes there- 
into. Further, since this linear guide unit is excellent in 
load resistance and welding splash resistance, such fin- 
ear guide unit serves best as a bearing to be disposed 
in proximity to the electrode tips of a welding machine 
Further, when this bearing is used, it goes without say- 
ing that considerations should be given to provide an 
adequate guide length in order to prevent the bearing 
from playing with respect to the drive rod. 

A welding transformer T is supported by the gun 
bracket 5 so as to be positioned sideways from and at 
right angles to the gun arm 2. The gun bracket 5 can 
Install the gun on a robot arm (not shown) Irrespective of 
the mounting angles of the welding gun to a robot arm 
as wil be described later. 

When a robot performs welding by a C-type weJdmg 
gun. a fixed electrode tip is generally brought into con- 
tact with a workplace, and the position where the work- 
piece is sfigrrrJy pushed up from this contact position is 
programmed to a robot This object is that when a mov- 
able electrode tip presses the workplace, both electrode 
tips hold the workpiece therebetween and electrode 
force is appied to the workpiece at the Just the position 
where the workpiece is held by a fixture. This is known 
as know-how with respect to rjrogramrrdng of a wekfng 
robot. 

Assuming that the fixed electrode tip does not con- 
tact with the workpiece and is positioned apart from the 
workpiece by about 5 mm. H the movable electrode tip 
presses the workpiece in this state, the workpiece is for- 
cibly pressed to the fixed electrode tip. so that the work- 
piece may be deformed since it is held by the fixture. As 
a method of avoiding such undesirable phenomenon. 



an equalizing mechanism is well known, rt is also possi- 
ble to allow the (Hype motor-driven welding gun of the 
invention to perform the equalizing motion by attaching 
a floating unit (not shown). 

In general, the mechanism of equalizing motion rs 
carried out as follows. An actuator (an electric motor or 
an air cylinder) for diving the movable electrode tip is 
supported by the gun main body that holds the other 
fixed electrode tip, and the gun maki body is supported 
on a robot arm through a floating guide mechanism. As 
a result of this construction, the fixed electrode tip 4 is 
attracted toward the movable electrode tip 6 together 
with the gun main body by a reaction derived from the 
electrode force applied by the movable electrode tip 6, 
which in turn allows a uniform electrode force to be 
applied to the workpiece between both electrode tips at 
all times. As a result the workplace can be prevented 
from being deformed or distorted. 

Reference numeral 10 denotes a reduction gear 
incorporated in a drive unit D. In the case, as is under- 
stood from a detaied diagram shown in Rg. 2. the 
reduction gear 10 assembled to the gun bracket 5 from 
one side of the gun bracket 5 is inserted into a unit 
mounting hole 0 that is formed so as to be concentric 
with the output shaft center X. The main body case 11 
of the reduction gear 10 is then secured to the monolith- 
icaOy formed gun bracket 5 with a strong force collec- 
tively from one side of the gun bracket 5 by a plurality of 
bolts B2 that are tightened into a plurality of bolt holes 
formed at a predetermined interval so as to be concen- 
tric with the unit mounting hole 0. An output shaft 13 of 
an electric motor M is directly coupled to an input shaft 
12 of the reduction gear 10. 

Since the monolrthically formed gun bracket 5 
allows the gun arm 2 and the drive unit D to be mounted 
thereon from both sides thereof at arbitrary angles, the 
gun bracket 5 can be mounted on the robot arm 
together with the welding transformer whie changing 
the position thereof arbitrarily within the range of 360° 
so as to be concentric with the output shaft center X of 
the reduction gear independently of the mounting posi- 
tions (postures) of the welding gun to the robot whether 
the mounting position Is upward, downward, sideward 
(the direction shown in Rg. 1), or at other angles with 
respect to the ground. 

While omitted In the drawings, for example, the 
drive unit D may be constructed in the following manner. 
The reduction gear 10 is mounted on a common base 
as a electrode force applying unit; a drive force transmit- 
ting mechanism (inducing transmission mechanisms 
such as belts, gears, and chains) is accommodated in 
the common base; and an output torque of a motor 
secured to the common base is transmitted to the 
reduction gear 10 through the drive force transmitting 
mechanism. 

Reference numeral 15 denotes a swing lever 
secured to the output shaft 14 of the reduction gear 10 
by a plurality of bote BS. The swing lever 15 is coupled 
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to the rear portion of the drive rod 3 through a link 16. 
The swing lever 15 makes an arcuate motion up to a 
predetermined angle (to the position shown by the chain 
line in Rg. 1) by the reduction gear 10, and euch arcuate 
motion is converted into a linear motion off the drive rod 5 
3 through the link, so that an open stroke required for 
the welding operation between the electrode tips can be 
obtained. An example in which the swing lever 15 is 
secured to the output shaft 14 of the reduction gear 10 
is described in the embodiment of the invention. How- 
ever, if the output shaft 14 is secured to the gun bracket 
5, the swfog lever 15 may be secured to the main body 
case 11 of the reduction gear 10. In this case, it is the 
main body case 11 that rotates to operate the swing 
lever 15. 

Reference numeral 17 denotes a combination of 
angular bearings within the ink. The angular bearings 
17 connect the link 16 to the swing lever 15 and the 
drive rod 3 with a pre-load thereto so that the linear 
motion of the drive rod 3 can be guided by this portion. 
The combination of angular bearings 17 incorporates a 
metal seal (not shown) therein. The metal seal not only 
prevents grease within the angular bearing from leaking 
outside the angular bearing but also prevents welding 
splashes from entering into the angular bearing. 

The coupling portion through which the drive rod 3, 
the link 16. and the swing lever 15 are coupled to one 
another may be constructed in the following manner. 
For example, stepped width across flats are arranged 
on the rear portion of the drive rod 3 and an end portion 
of the swing lever, and the Gnk 16 is fixed to the width 
across flats of the respective members with pins P and 
corresponding nuts, the dots P being supported by the 
combination of angular bearings 17 raid 8 the link 16. 
As a result of this construction, the couping portion 
serves also as the guide means tor the drive rod. 

A bus bar 1 8 and a bus bar 19 are fixed to two out- 
put terminals "a" off the welding transformer T. The bus 
bar 18 is connected to the rear portion of the drive rod 3 
through a tlexfote copper plate 20 and a bus bar 21, 
whereas the gun arm 2 is connected to the bus bar 19 
either cSrectly or through a flexible copper plate (not 
shown). A small-sized roerter-incorporated trans- 
former, an ac transformer, and the like may be used as 
the welding transformer T. Theftextole copper plate may 
include electrically conductive members such as a 
shunt an electrically conductive cable, an aluminum- 
based electrically conductive plate, and a silver foiled 
electrically conductive plate. Water passages for circu- 
lating cooing water are formed rtside each bus bar. 

The operation of the thus constructed embodiment 
of the invention will be descrtoed. This resistance spot 
wekfng gun is mounted on the wrist of an industrial 
robot capable of moving with six axes of freedom for 
instance. Data about the motion, speeds and others 
required for welding have been taught on a robot in 
advance, so that a weldtog robot positions electrode tips 
of the welding gun on predetermined wekfng points in 



sequence based on a program having the thus taught 
data, and hence performs a series of welding opera- 
tions automatically. 

The positioning operation wfl be described in more 
dotal. When a robot brings a gun to a wekfng point the 
robot positions the fixed electrode tip at a lower surface 
of a wortytece from the lower side of the workpiece. 
Normaly, actual welding point is determined and 
recorded in the robot corrtroler at such point that the 
fixed electrode tip pushes up the workpiece sightly. 

The electric motor M which acts as an actuator for 
seventh axis of a robot in the case of the robot provides 
six axes, is operated in response to a command for 
applying electrode force sent from a robot controller, 
and the motor output is then transmitted to the output 
shaft 14 of the reduction gear 10. As a resuft, the swing 
lever 15 swings, which in turn causes the link 16 to be 
moved to close electrode tips to press a workpiece 
shown by the solid line In Fig. 1 from an open position 
shown by the one-dot chain line in Fig. 1. Hence, the 
dive rod 3 makes a linear motion through the linear 
guide unit 8. Thus, electrode force required for welding 
is appied to a workpiece between the electrode lips 4 
and 6, and a welding current is supplied, thus spot weld- 
ing is carried out 

When a spot weld is completed, the electric motor 
M is reversely rotated by a gun open command from the 
robot controller, and the swing lever 15 of the reduction 
gear 1 0 is men swung back in an opening direction up to 
a predetermined angla As a result the movable elec- 
trode tip 6 is moved up to the open position. During the 
gun opening operation, which is the seventh axial 
motion, the robot guides the welding gun to a next weld 
position, and the welding operation is thereafter per- 
formed similarly to the above based on the programmed 
control. 

Thus, a series of welding operations can be per- 
formed at high speeds while substantially synchronlztog 
the robot motion with the welding gun motion. 

Another embocfrnent of the invention will be 
described next 

Rg. 3 is a diagram outlining the entire part of a gun 
tor illustrating the concept of a C-type motor-driven 
resistance spot welding gun that is mounted on an 
industrial robot which is a second embodiment of the 
invention. Rg. 4 Is a view taken along line E-E. 

It may be noted that in the second embocfiment 
shown in Rgs. 3 and 4, the same parts and components 
as those of the first embodiment shown in Figs. 1 and 2 
are denoted by the same reference numerals. 

Here, for example, a swing lever 15 is used as a 
awing member included in the drive unit D. The swing 
lever 15 is secured to the output shaft 14 of the reduc- 
tion gear 10 by the bolts B3. In this case, the swing lever 
15 is coupled to the rear portion of the drive rod 3 
through a cam mechanism. That is. in the coupling por- 
tion that couples the drive rod 3 to the swing lever 15, 
stepped width across flats "e" are formed on the rear 
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portion of the drive rod 3. A cam follower 23 is inter- 
posed between both sides of the width across flats "e", 
and the width across flats "e" of the drive rod 3 are 
inserted into a forte end with the cam follower 23 being 
set into an elongated cam groove 22 formed in the fork 
end- 
In this case, the cam followers 23 are coupled with 
the swing lever in such a manner as to depict a moving 
locus within the allowable range of the elongated hole 
corresponding to. e.g., a distance between the cam fol- 
lower center shown by the solid fine and the cam fol- 
lower center shown by the two-dot chain line in Fig. 3. 
i.e., a maximum open stroke of about 140 mm Of 
course, the open/dose operation from the open position 
to closed position of the electrode tips is subjected to a 
continuous servo control carried out about every 1/100 
mm Therefore, accurately and freely controlled strokes 
at any required intermediate positions can be ensured. 

The drive rod 3. constituting the cam coupling por- 
tion formed of the width across flats, the cam followers 
23, and the cam groove 22 with respect to the swing 
lever 15. guides the I near motion of the ortve rod. Fur- 
ther, if the swing lever and the cam mechanism includ- 
ing the cam followers are unitized rrto an exchangeable 
part the coupling portion may be replaced with a (ink 
mechanism as shown in Rg. 1 if necessary. 

In portions that are grouped into the welding units, 
the bus bar 18 and the bus bar 19 are fixed to the two 
output terminals "a" of the wekfng transformer T. The 
water-cooled busbar 21 is directly connected to the rear 
portion of the drive rod 3 with the bus bar 1 8 being con- 
nected to the bus bar 21 through the flerible copper 
plate 20. so that power can be fed to the drive rod 3. On 
the other hand, the gun arm 2 is connected to the other 
bus bar 19 either directly or through a flexible copper 
plate (not shown). An invert er-incarporated small-sized 
transformer, an AC transformer, or the Bee may be used 
as the wetdmg transformer T. 

The operation of the thus constructed second 
embodiment of the invention will hereunder be 
described 

The spot wetefng gun is mounted on the wrist of an 
industrial robot capable of moving with six axes of free- 
dom for instance. Data about the motion, speeds and 
others required for welding have been taught on a robot 
in advance, so that a welding robot positions electrode 
tips of the welding gun on predetermined welting points 
in sequence based on a program having the thus taught 
data. 

The positioning operation will be described in more 
detail. When a robot brings a gun to a welding point, the 
robot positions a fixed electrode tip of electrode tips in 
open position at a lower surface of a workpiece from the 
lower side of the workpiece. Nor malty, positioning is car- 
ried out at such position that the fixed electrode tip 
pushes up the workpiece slightly. 

Then, electric motor M which ads as an actuator for 
seventh axis of a robot, in the case of the robot provides 



six axes, is operated in response to a command for 
applying electrode force sent from a robot controller, 
and the motor torque is then transmitted to the output 
shaft 1 4 of the reduction gear 10. As a result, the swing 

5 lever 1 5 swings, which in turn causes the cam followers 
23 to be moved within the allowable range of the elon- 
gated cam groove 22 along the moving locus of the 
drive rod 3. thereby causing the dive rod 3 to swing to 
an electrode force applying position shown by the soid 

io Dne in Rg. 3 from an open position shown by the two-dot 
chain line in Fig. 3. Hence, the drive rod 3 makes a lin- 
ear motion through the linear guide unit 8. Thus, elec- 
trode force required for welding is applied to a 
workpiece in between the electrode tips 4 and 6, and a 

is welding current is supplied across the electrode tips, 
thus spot welding is carried out 

When a spot weld is completed, the electric motor 
M is reversely rotated by a command for opening the 
gun sent from the robot controller, so that the swing 

20 lever 15 of the reduction gear 10 is swung back in the 
open drection up to a predetermined angle. As a result 
the movable electrode Hp 6 is moved up to the open 
position. During the gun opening operation, which is a 
seventh axial motion, the robot guides the welting gun 

25 to a next weld position, and the welting operation is 
thereafter performed similarly to the above based on the 
programmed control. Thus, a series of welding opera- 
tions can be performed at high speeds while substan- 
tially synchronizing the robot motion with the welding 

so gun motion for opening and closing the electrode tips. 

A third embodiment of the invention wil be 
described next with reference to Figs. 5 and 6. While an 
example of an axis feed method in which a welting cur- 
rent Is supplied to the drive rod itself has been 

ss described in the aforementioned embodiments shown 
in Figs. 1 to 4, an example in which a welding current is 
directly fed from a point holder attached to an end of the 
drive rod is proposed in the third emtxxftnent of the 
invention shown in Rg. 5 other than the axis feed type. 

40 Rg. 6 is a view taken along line F-F of Rg. 5. 

In this case, a support member 9 of the linear guide 
unrt 8 is firmly secured to the gun bracket 5 by a plurality 
of boHs B5. The gun arm 2 is firmly secured to the sup- 
port member 9 by the bolts B1 through an insulating 

46 member. A point holder 7 located on the end of the drive 
rod 3 is connected to one of the secondary termriafe "a" 
of the welding transformer T through a flexftxe copper 
plate (flexxxe shunt) 20 and a water-cooled bus bar 18, 
whereas the gun arm 2 is connected to the other see- 
so ondary terminal "a" through a flexible shunt 19 and a 
bus bar 25. 

In case of the welding appication which does not 
require around the electrode tips area so much room, 
that is, no interference between electrode tips and a 
55 workpiece or work fixture, the drive rod 3 is no longer 
used as a current conductor. Therefore, welding current 
can be fad through the route as described above. 

While applied examples of the C-type spot welding 
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gun have been described in the respective enrtxxS- 
ments of the invention, the concepts of the invention 
may also be applied to stationary types of spot and pro- 
jection welding machines through modifications. 

As described above, according to the frst aspect of 5 
the invention, the wekftng gun can be mounted on a 
robot arm by arbitrarily changing the gun bracket 
mounting position in the range of 360° so as to be con- 
centric with the reduction gear output shaft center X 
independently of the gun mounting angjes. 

That is, functions of the motor-driven C-type spot 
welding gun are grouped into unit and standardized. 
Those units are drive unit, the welding unit and the 
bracket The drive unit controls electrode tips to open 
and dose to generate electrode force and includes an 
electric motor, a reduction gear, a swing lever, a link and 
a f near guide as main parts. The welding unit includes 
a welding trans former , secondary conductors which are 
bus bars and flexible shunts, gun arms, electrode tips 
and a point holder tor conducting welding current to the 
wekfing point The portions which must be designated 
and manufactured according to the customer's specifi- 
cation are included only in the welding unit Further, 
main wearing and consuming parts are also included 
only in this unit The bracket is standardized in basic 
function so that irrespective of the posture of the gun 
attached to the robot the same bracket can be used. 
Accordingly, when the customer wants to change the 
attachment posture of the gun. a new bracket is not nec- 
essary as is the case with the conventional guns. 

According to the second aspect of the invention, a 
link is interposed between the rear portion of the drive 
rod and either the output shaft of the reduction gear or 
the swing lever fixed to the main body case of the reduc- 
tion gear, and the drive rod is linearly driven by swinging 
the swing lever by an electric motor. Therefore, the 
invention can overcome altogether: the problem caused 
by welding splashes due to poor welding splash resist- 
ance of the bai -bearing leadscrews and nuts that have 
been used for conventional spot welding machines and 
spot welding guns; the problem that the ball-bearing 
leadscrew and the nut have a large moment of inertia 
(GD 2 ); and the problem of restricted strokes. 

Further, the drive unit of the present invention takes 
advantage of the merits of the reduction gear such as 
wekfing splash resistance, smal GD 2 . and nonrestrlc- 
tion of swinging angles. Here, the nonrestriction of 
swinging angles has the tolowing meaning. That is, 
since the motor of the drive unit is servo controlled, the 
swing range of the swing lever is not basically restricted. 
Thus, a gun stroke determined by customer's specifica- 
tion, that is, a stroke length of a drive rod can be very 
easiy and inexpensively dealt with by modification of 
single parts such as a swing lever, link and linear guide. 
Also, the drive unit of the invention employs motor out- 
put converting mechanisms such as the swing lever, the 
link, and the linear guida Thus, it can dispense with the 
expensive conventional mechanism using a ballbear- 



ing leadscrew and a nut. As a result, not only durabflrty 
and productivity can be improved, but also the cost and 
term of manufacture of a C-type motor-driveri spot weld- 
ing gun can be significantly reduced. 

Further, according to the third and fourth aspects of 
the invention, angular bearings can couple the fink, the 
swing lever, and the drive rod with pre-load angular 
bearings. Therefore, the couping portion can serve also 
as the guide for the ortve rod, which in turn dispenses 
with a separately arranged guide mechanism required 
in the conventional examples. Hence, the structure can 
be simplified. 

According to the fifth aspect of the invention, a 
welding transformer supported by the gun bracket Is 
arranged in such a manner that a cerrtertine Q along the 
length of the welding transformer crosses substantially 
at right angles (90°) to an axial centerfine Z of the drive 
rod. As a result of this construction, the welding gun can 
be arranged compactly, which In turn aBows weight bal- 
ance with respect to the wrist of the robot arm to be 
implemented and hence alcws a load applied to the 
wrist of the robot arm to be reduced. Further, since the 
weiring transformer can be mounted sideways, the 
electric motor can be coupled to the Input shaft of the 
reduction gear drectfy, which in turn allows GD 2 to be 
minimized. 

According to the sixth aspect of the invention, in the 
case where the rear portion of the drive rod is con- 
nected to a secondary terminal of the welding trans- 
former through a flexible copper plate, the curved 
portion of the flexible copper plate is extended along the 
rear portion of the gun Therefore, the flexfote copper 
plate does not enter into the throat of the gun. As a 
result the flexible copper plate will not interfere with a 
workpiece, workpiece fixing tods, and the life around 
the electrode tips. 

According to the seventh aspect of the invention, 
when the rotational output of the electric motor is con- 
verted to the electrode force of C-type spot wekfing gun 
through the reduction gear, the cam followers of the 
drive rod are Incorporated into a cam groove formed in 
the swing lever. As a result, the drive rod is coupled to 
the swing lever, so that an arcuate motion Is transmitted 
to the swing lever by the output of the reduction gear. 
Thus, a rotational motion is converted into a linear 
motion of the drive rod. Hence, the invention can sub- 
stantially overcome: the problem caused by welding 
splashes due to poor welding splash resistance of the 
ball-bearing leadscrews and nuts that have been used 
tor conventional spot wekfing machines and spot weld- 
ing guns; the problem that the bal -bearing leadscrew 
and the nut have a large moment of inertia (GD 2 ); the 
problem of restricted strokes; and the problem of lubri- 
cation. Further, by coupling the swing lever to the drive 
rod through the cam mechanism, the coupling portion 
itself serves also as the guide for the drive rod. Hence, 
the structure of the guide mechanism can be simplified. 

Further, according to the seventh aspect of the 
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invention, the driving unit takes advantage of the merit 
of the reduction gear such as splash resistance, small 
GD 2 , nonrestriction of electrode stroke and advantage 
off diminating an expensive ball-bearing leadscrew. The 
variety of guns cause problems of production cost for a 5 
manufacturer and maintenance cost for a user. The 
motor-oYtven C-type spot welding gun of the present 
invention, improves on the conventional technical con- 
cept represented by the conventional guns with the pin- 
ion and rack driving method and another guns with the 10 
ball-bearing leadscrew driving method which have the 
above problems. The new technical concept explained 
with respect to the motor-driven C-type spot wekSng 
gun of the present invention can make large improve- 
ments ri the cost and lifetime of 1tie C-type spot wekfng 1S 
gun by standarolzing the respective gun functtons. 



or a gun bracket and having the other of the 
electrode tips; the drive rod being inearfy 
driven in an electrode force direction by trans- 
mitting an output of an electric motor to the 
reduction gear; 

a swing lever being secured either to an output 
shaft of the reduction gear or to a main body of 
the reduction gear, a rear portion of the drive 
rod being connected to the swing lever through 
a (ink: 

whereby an arcuate motion is transmit- 
ted to the swing lever by an output of the elec- 
tric motor, and is then converted into a linear 
motion of the drive rod by the link to thereby 
drive the drive rod so as to apply electrode 
force. 



Claims 

1. A motor-driven resistance spot welding machine, 20 
comprising: 

a gun bracket; 

a gun arm having one of electrode tips and 
supported by the gun bracket; 25 
a linear guide unit supported by the gun 
bracket or the gun arm; 

a drive rod for driving the other of the electrode 
tips, the drive rod being guided and supported 
by the in ear guide; and 30 
a mechanism for linearly driving the drive rod 
including: 

an electric motor for generating an elec- 
trode torque necessary tor webfng as 
between the electrode tips; 
a reduction gear for transmitting the motor 
output to the electrode tip of the oYrve rod; 
and 

a swing member being supported by an 40 
output shaft of the reduction gear and 
being coupled to the drive rod; 

wherein the drive mechanism is reieasa- 
bry mounted on the gun bracket so as to be 48 
concentric with a center of the output shaft of 
the reduction gear, so that the drive mecha- 
nism substantially constitutes a drive unit. 



3. A motor-driven resistance spot wekfing machine 
according to claim 2, further comprising a coupling 
portion that couples the drive rod to the ink, the 
coupfng portion having a drive rod guide function 
preventing the drive rod to rotate. 

4. A motor-driven resistance spot wekftig machine 
according to claim 3, further comprising angular 
bearings combined with the coupling portion; a pre- 
load being applied to the angular bearings to cou- 
ple the link, the swing lever, and the drive rod to one 
another, so that the coupGng portion serves also as 
drive rod guide means for preventing the drive rod 
to rotate. 

5. A motor-driven resistance spot wekfing machine 
according to claim 2, further comprising a welding 
transformer supported by the gun bracket the weld- 
ing transformer being arranged in such a manner 
that a centenlne along a length of the welding trans- 
former crosses substantially at right angles to an 
axial centertine of the drive rod. 

6. A motor-driven resistance spot wekfing machine 
according to claim 5, further comprising a flexible 
copper plate, a rear portion of the drive rod being 
connected to a secondary terminal of the welding 
transformer through the flexHe copper plate. 

7. A motor-driven resistance spot welding machine, 
comprising: 



2. A motor-driven resistance spot welding machine, so 
comprising: 

a drive rod having one of electrode tips on an 
end thereof and making a linear motion; 
a In ear guide for guiding the linear motion of 55 
the drive rod, the In ear guide induing a bear- 
ing: and 

a reduction gear being supported by a gun arm 



a drive rod having one of electrode tips on an 
end thereof and making a linear motion; 
a bearing for In early guiding the drive rod; 
a reduction gear being supported by a gun arm 
or a gun bracket and having the other of the 
electrode tips, the drive rod being Eneariy 
driven in an electrode force direction by trans- 
mitting an output of an electric motor to the 
reduction gear; 
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cam folowers arranged on a rear portion of trie 
drive rod; 

a swing lever secured either to an output shaft 
of the reduction gear or to a main body of the 
reduction gear; 

wherein the cam followers of the drive 
rod are incorporated into a cam (yoove formed 
in the swing lever, whereby the drive rod is cou- 
pled to the swing lever, and an arcuate motion 
is thus transmitted to the swing lever by an out- 
put of the electric motor and is converted into a 
linear motion of the drive rod by a cam mecha- 
nism to thereby drive the drive rod so as to 
apply electrode force. 
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